This systematic literature review investigates factors impacting on clinicians' decisions to offer genetic tests in their practice, and maps them to a theoretical behaviour change framework. Better understanding of these factors will inform the design of effective interventions to integrate genomics tests into clinical care. We conducted a narrative synthesis of empirical research of medical specialists' perspectives on and experiences of offering genetic tests to their patients. This review was based upon the PRISMA statement and guidelines for reviewing qualitative research. Four electronic data sources were searched-MEDLINE, EMBASE, CINAHL, PubMed. Studies were independently assessed by two authors. Content analysis was applied to map the findings of included studies to a framework validated for behaviour and implementation research, the Theoretical Domains Framework (TDF). The TDF describes 14 factors known to influence behaviour and has been applied in diverse clinical settings to understand and/or modify health professional behaviour. Thirty-four studies published in 39 articles met inclusion and quality criteria. Most studies were published after 2011 (54%), Northern American (82%), quantitative in design (68%) and addressed familial cancer genetic tests (53%). Of the 14 TDF factors, 13 were identified. The three most common factors were: Environmental Context and Resources (n = 33), Beliefs about Consequences (n = 26), and Knowledge (n = 23). To support the adoption of genomic tests beyond specialist services, nuanced interventions targeting considerations beyond clinician education are needed. For instance, interventions addressing organisational constraints which may restrict clinicians' ability to offer genomic tests are required alongside those targeting factors intrinsic to the clinician.
Introduction
Genomic technologies have significantly increased the breadth of genomic variation that can be accessed in a clinically relevant timeframe, and have potential to radically transform healthcare service provision across multiple, if not all clinical specialties [1] . While specialist genetic and cancer services are currently at the forefront of introducing genomic tests, it is likely that use of this testing will be applied in the 'mainstream' of other specialist healthcare over time. Early prospective evidence supports the costeffectiveness of genomic tests in specific contexts [2] . However, as with many clinical research findings, realising patient outcomes is dependent on clinicians adopting the test into usual practice, and integrating the resultant information appropriately into clinical management decisions.
Experts have identified numerous barriers to adoption of genomic tests, one of which is lack of clinician preparedness [3] . It is anticipated that specialists in clinical genetics would be early adopters of new genomic technologies where possible [4] , but this may not be the case for other medical disciplines. Previous research assessing the introduction of single-gene tests described 'clinical inertia' [5] between test development and its integration into mainstream healthcare findings [6] [7] [8] .
Concerns around the introduction of genomic tests echo these [5] . Health professionals remain underprepared to appropriately incorporate even single-gene genetic testing into their practice, let alone more extensive multigene panels and genomic sequencing [9] [10] [11] [12] [13] [14] . This is important as over-use and under-use of genomic tests by medical practitioners could reduce benefits to patients and costeffectiveness of testing [15] [16] [17] . A common, but limited, reflex response to 'clinical inertia' has been to focus on educating clinicians to address a knowledge gap [6, 9] . Hamilton et al. investigated the successful implementation of genetic tests in the Veterans Health Administration system as a surrogate for genomic tests, finding that this relied on knowledgeable clinicians and organisationallevel facilitators [18] . Medical practitioners' decisionmaking regarding genetic or genomic testing in mainstream practice however, has not been systematically examined. Klitzman et al.s' observation remains pertinent; 'Many questions remain concerning whether, when and how physicians order genetic tests and what factors are involved in their decisions' [19] .
As has been identified within the Cochrane Effective Practice and Organization of Care (EPOC) group [20] [21] [22] , overcoming 'clinical inertia' to maximise appropriate use of testing requires deliberate, targeted interventions to optimise behaviour in the relevant clinical context. So, to effectively integrate genomic testing into mainstream medicine, factors which impact on medical practitioners' decisions to offer a genomic test must be systematically identified, then optimised [23] . Such an approach has been recommended by the UK's Chief Medical Officer in the 2016 annual report, Generation Genome [24] , but a systematic review identified a lack of relevant research [23] .
The Theoretical Domains Framework (TDF) provides a validated agnostic tool by which factors influencing clinicians' decisions to offer a genomic test can be systematically identified. Based on behaviour change theory, this framework categorises drivers and barriers of behaviour change into 14 key domains such as social influences, knowledge, skill and environmental context (Table 1 ) [25] . Three key aspects make it particularly suitable for research into clinician behaviour and decision-making around genomic testing. First, the TDF has been extensively used to investigate clinicians' practices and is thus well validated in this field. Second, it is agnostic to clinical specialty-an important consideration given the potential breadth of application of genomics in clinical practice. Finally, the TDF sits at the core of the Behaviour Change Wheel: developed by Michie et al. [26] ; the Behaviour Change Wheel maps the 14 TDF factors onto a clinician's capability, opportunity and motivation to offer a test, and then identifies evidence-based intervention mechanisms targeted to these areas. Through the Behaviour Change Wheel, the TDF not only provides a direct framework with which to identify barriers and facilitators of genomic test integration, but also indirectly identifies plausible, evidencebased interventions to optimise its integration.
Rationale and objective
Interventions to support adoption of current genomic tests will be most effective if two conditions are met. First, they are informed by a comprehensive understanding of factors influencing medical practitioners' use of single-gene testing. Second, they are based upon a well-established, practical framework designed to optimise practitioner behaviour [23] . We sought to identify key, modifiable mediators of behaviour change which can guide the adoption of new technologies within the healthcare system, applying the Theoretical Domains Framework. This review systematically examines existing published literature to identify factors that impact upon medical specialists' decisions to offer single-gene tests in clinical practice. To address the adoption of genomics beyond specialist genetic services, we focus on the use of tests by other medical specialists caring for people who either have a clinical condition or are at high risk of a hereditary disease.
Methods

Design
Guided by: the PRISMA statement for reporting systematic reviews [27] and Economic and Social Research Council UK guidelines for reviews incorporating qualitative research [28] .
Eligibility criteria
Studies were eligible for inclusion if they satisfied the following criteria (developed by HL, AT, CG):
• original primary peer-reviewed research;
• obtained evidence about factors which impacted on medical specialists' decisions to offer genetic tests;
• and genetic test was germline and currently available for the patients' clinical care.
Studies were excluded if they: Prenatal or preimplantation tests were excluded as this review focuses on medical specialists' decision-making behaviour regarding genetic tests used to determine management of that person. Population screening programmes were also excluded as no clinician-based decision-making is required.
Search
Four electronic databases were selected using a detailed search strategy developed for MEDLINE and adapted for other databases (Table 2 ).
Study selection
Studies were assessed for inclusion by two reviewers (a third used if discordance was encountered) as follows: exclusion based on title, abstract and screening the remaining full-texts for inclusion. Reference lists were hand-searched during study screening and selection.
Data extraction
Identifying information was extracted: first author, publication year, country of origin and study design (quantitative, qualitative or mixed methods). The following was also collected: principal objective, clinician population (including clinician type and sample size), response rate, clinical domain (e.g. oncology, paediatrics or multiple domains), indication for test (e.g. predictive or diagnostic) and genetic testing platform (traditional single-gene testing or whole-genome testing). Using deductive content analysis [29] , study findings were mapped in a non-mutually exclusive manner to the 14 TDF domains (Table 1 ) and further sub-grouped by clinician's capability, opportunity and motivation according to the Behaviour Change Wheel framework. Findings which were acting on the medical specialists' decision to offer genetic testing were investigated and mapped to the TDF. Coding was conducted by two authors (HL and JP) and discussed and amended among all authors. Findings could be coded to multiple domains. The QSR International software NVivo10 facilitated data management and storage [30] .
Risk of bias in individual studies
Each article was independently evaluated for methodological quality (HL, JP). Due to heterogeneity in study design and analytical approaches, a quality appraisal tool, based upon QualSyst [31] as described by Paul and colleagues [32] , was adapted and applied to best assess the elements relevant to the aims of the review and study design. Briefly, all studies were assessed using eight standard questions plus additional questions specific to the underlying methodology: qualitative or quantitative. The total study score was divided by the total possible score. The questions applied and scoring scheme are provided in Supplementary Table 1 . Only those with an average score above 0.70 were included.
Synthesis of results
A meta-analysis was not feasible due to study heterogeneity in primary aims, design, method and populations. A narrative synthesis [28] was therefore conducted to allow for comprehensive description and interpretation. Findings are presented in descriptive frequencies of TDF domains and narrative form. As a finding may map to more than one domain, its discussion in regard to one domain below does not exclude its inclusion in other domains. The unit of analysis, or 'study', was the series of published articles reported from a single data set. 
Results
Search outcome
From the total articles retrieved (Table 2) , most were removed at title or abstract stage, while only five were included through reference-searching. Eight were excluded based upon quality score, leaving a total of 39 articles from 34 studies [15, 19, (Fig. 1) .
Characteristics of included studies Table 3 summarises characteristics of the 34 studies included. The majority were published within the last five years (54%), originated from Northern America (82%), and were quantitative in design (68%). Collectively, they spanned many medical disciplines and included a mixture of medical specialists (53%), although were highly enriched for studies based within oncology (53%). A wide spectrum of genetic tests was explored, the majority being predictive genetic tests (65%).
Overview of study designs and quality
Most studies investigated clinicians' knowledge, attitudes or beliefs about genetics and testing in clinical practice (Table 4 , Study Details), using exploratory cross-sectional surveys and descriptive statistics. Twenty-five explored perspectives and knowledge of traditional diagnostic genetic testing techniques, while seven examined pharmacogenetics to guide drug dosage in various health conditions [37, 46, 52, 56, 60, 61, 64] . Only two studies explored use of newer genetic tests such as microarray testing [35, 58] . No studies examined the use of genomic tests (multigene panel, exome or genome sequencing). Many studies had low response rates, three being below 10% [39, 47, 59, 61] . Few provided clear justifications for their methodological approach and most lacked an explicit theoretical model in their design; only one qualitative study described using 'grounded theory' [35] . Studies generally included limited detail regarding approaches to data collection, clinicians' demographics and study setting.
Overview of TDF factors identified
Thirteen of the 14 (TDF) factors (Table 1 , overview of TDF factors) were identified from studies' findings as impacting clinicians' ability to offer genetic testing; only Behavioural Regulation was not represented (Fig. 2) . The most commonly identified factors were: Environmental Context and Resources (n = 33), Beliefs about Consequences (n = 26) and Knowledge (n = 23), elaborated below.
Clinicians consider numerous 'environmental context and resource' parameters (n = 33)
This domain comprises six further components, based upon healthcare practice-change research [70, 71] (see Table 1 for full descriptions). All six sub-domains were identified (Fig. 2) , patient factors being most common (n = 26), followed by ethical, legal and social-based factors (n = 25). Clinicians' characteristics were identified least (n = 14). In order of frequency, environmental and resources constructs identified were:
Patient factors Patient factors relates to both tangible patient characteristics and clinicians' considerations of an individual patient. Clinicians considered patient characteristics, such as age [33] , gender [41] , family history [44, 50, 57] , or particular health condition and indication for testing [33, 37, 67, 68] , when deciding if testing should be offered. Across several studies, patient interest and patients' 'escalating expectations' [36] acted as facilitators for clinicians considering offering genetic testing [36, 41, 42, 56, 63, [66] [67] [68] , even when contrary to guidelines [15] . In contrast, clinician-based perceptions that a specific patient may lack the ability to pay or experience a negative reaction to the test outcome, acted as barriers to offering genetic testing [38, 40] .
Ethical, legal and social context factors Clinicians were concerned about potential non-medical implications of testing, including privacy [60] , health insurance [34, 38, 60] (U.S. studies) and equity of access in terms of test costs [38, 49, 51, 52] . In addition to consideration of impacts relating to an individual patient (included as 'patient factors' above), it was evident that clinicians' general perceptions of the potential impact of testing may influence their decisions, for example the potential 'psychological stress' of an incidental finding [58] or the potential for a reduction in stigma [63] . This may result from clinicians' previously perceived negative experiences of genetic testing for their patients, specifically with predictive testing for Huntington [36] or Alzheimer disease when there is no available treatment [67] . Clinicians were less willing to offer testing if they believed testing might produce falsepositive results [15] .
Organisational resources Clinicians reported a lack of organisational resources at a health-service level as a barrier to testing [39] , particularly, limited time for considering testing within their current practice [35, 51, 60] , especially if the testing process was not clear [48, 67, 68] or not the standard of care at their practice [39] , and extra time required for professional development [51, 58] . Long turnaround time for results also acted as a barrier to offering a genetic test [43, 46] . Other perceived barriers included:
seeing few cases requiring testing [17] ; or if the hospital was based in a regional location [40] . Alternatively, genetic counsellor availability or a close working relationship with genetic specialists and testing laboratories [48, 58, 61] could act as a facilitator [34] . Having an organisational policy for access to consent forms, educational literature for families [58] and requesting tests [50] could also influence clinicians' decisions to offer testing.
Genetic test factors Perceptions of clinical utility were a positive influence on clinicians' decisions [15, 37, 43, 56, 67, 68] , while novelty and complexity of the test could act as a barrier [36, 37, 51] . Similarly, clinicians were hesitant to consider tests where medical implications of results were uncertain [37, 58] , or if predictive or prognostic value of the test was perceived as uncertain [36, 51, 52, 63, 69] .
Professional regulatory factors Many studies identified that clinicians reported being highly influenced by professional guidelines [34, 37, 39, 40, 50, 56, 60, 65] . If genetic testing was new or unfamiliar, clinicians believed that guidelines were not always complete [63] or available [38, 51] , and they also perceived there to be a lack of (access to) relevant training [51, 53] , and literature [46] . Where available, resources such as professional development and training were considered helpful when considering genetic testing [38, 41] . Clinician factors The reported clinician-based parameters associated with requesting genetic tests were: (1) being an oncologist [15, 66] ; (2) clinicians in U.S. hospitals who had completed their training in the United States [38] ; (3) greater length of time since graduation [38] ; and (4) working in a larger urban setting [38] . Parameters such as:
clinician age; importance of religious values on decisionmaking, and personal experience with a genetic condition showed no associations.
Beliefs about potential consequences when deciding to offer testing (n = 26) [33] . They requested tests when they perceived it would reduce 'uncertainty' [43, 65] , even when contrary to guidelines, for example clinicians considering breast cancer susceptibility testing in young [43] and/or unaffected relatives [55] , regardless of uncertain results identified in the proband [57] . Conversely, clinicians did not consider genetic tests when they perceived such tests would not be relevant to their patients [38, 39] , or did not believe results would change treatment [44, 52, 69] . Some clinicians were concerned about potential consequences of tests perceived as 'too new' [54, 63] , believing a clear benefit had not yet been proven [37] .
Knowledge about genetics, testing processes and guidelines is varied (n = 23) Clinician knowledge was assessed in studies across two main areas: (1) the genetic condition and test; and (2) clinical guidelines and test-requesting. Most studies which addressed these areas were quantitative in design and involved surveys. Overall, clinicians had good knowledge of basic genetics associated with conditions and an awareness of an appropriate genetic test [39, 40, 47, 55, 56, 61, 63] . However, there were significant differences in knowledge about different tests [52] and result types [58] . Knowledge was also found to be related to clinical indication [33] , and clinician gender [64] . Several studies reported clinicians rated their knowledge of risk estimates and genetics as low [15, 50, 63] , clinicians believing they lacked sufficient knowledge to perform pre-test or post-test genetic counselling [34] . Clinicians' awareness and knowledge of current available guidelines was variable [40, 41, 57, 68] . They often did not know the process for requesting genetic testing [48, 61] . However, other findings also revealed that clinicians had a good understanding of appropriate clinical use [35, 68] . Only two studies investigated relationships between knowledge and test-requesting behaviour [19, 41] . Klitzman et al.'s study found knowledge of the requesting process was a facilitator of testing [19] but did not investigate if testing was provided appropriately. Doksum and colleagues found that perfect knowledge scores were associated with discussing or requesting BRCA1/2 genetic testing only for oncologists and not other disciplines within their study [41] .
Discussion
This review identifies a complex network of factors which impact on clinicians' self-reported decisions to offer patients a genetic test. We found clinicians' decisions to offer testing is a nuanced process influenced by 13 parameters, nearly all of those known to influence behaviour change. Although behavioural regulation (that is, anything which clinicians do to adjust their own behaviour) was the only TDF factor not identified, this likely reflects the nature of the studies examined, rather than the factor's relevance. Our findings suggest that for effective adoption of genomic information into healthcare, a multi-level approach targeting institutional change as well as individuals will be required. Much of the literature identified in this systematic review proposed educating clinicians as a means by which to change their practice in genetics [15, 19, 33, 34, 36-42, 46-48, 50, 51, 53, 56, 57, 60, 61, 63, 67, 68 ]-indeed it is usually the only strategy proposed. Strikingly, none of these papers provided evidence for education as a means to change clinician behaviour. We did not identify any studies within the parameters of this systematic review that directly examined the effects of education on genetic testing requests. Furthermore, the studies did not draw on clinician behaviour change frameworks. This is most likely because the description of clinicians' test request patterns was usually only a minor element of larger studies. In fact, most studies only investigated clinician knowledge and opinions with no consideration given to alternative factors known to affect clinician behaviour. Interestingly, a systematic review to identify effective knowledge translation interventions in genetic testing found the majority focus on patient decision making, while evidence in other clinical areas indicates targeting both the health professional and the patient may be most effective [72] .
Our findings support the principle that a clinician's decision to offer a genomic test will be a complex process resulting from an interplay of factors [23] . However, the studies identified in this review did not seek to explain clinician practice patterns or behaviours, looking instead at attitudes and potential associations between clinician characteristics and use of tests. This is an important gap in the literature. The offer of a new test may be a novel behaviour for the clinician, but it occurs in the context of decisions that the clinician already makes about the patient's management. Decisions about genomic testing could be seen in this light as a modification of an existing decision-making process, rather than being an entirely new decision. However, studies examined the decision to offer a genetic test in isolation from clinicians' usual patient care decision-making. There is a need for theoretically informed research studies specifically designed to make explicit the nature of these decisions.
Not all TDF factors identified are within clinician control. We found that organisational constraints had a significant impact on the offer of a test, suggesting institutional-based restructuring is necessary to support adoption. In view of this, it is significant that there was a total absence of studies identified which applied implementation science methodology. This scientific framework pragmatically and rigorously examines processes and services to determine how they may be optimised to improve a specific outcome. A roundtable discussion in the US recently advocated for an implementation science approach to genomic healthcare delivery [5] .
It is tempting to offer suggestions of specific interventions based on the three most commonly identified factorsclinician knowledge, belief about consequences, and environmental context and resources. However, there is a paucity of high quality studies identified in this review to currently support the effectiveness of any intervention. Furthermore, the frequency of factors identified in this review is likely to relate to the design and purpose of the studies identified in this review, rather than their relative importance.
There is an inherent assumption in our systematic review that the provision of genomic tests for medical care will mirror that of genetic tests for hereditary disease, with primary care practitioners continuing to refer to other practitioners for both testing and specialised medical management of people with a condition. It is possible that genomic testing will be more widely used in primary care, particularly to predict the risk of disease in healthy people at population risk. However, the findings of our review are not applicable to that scenario, which is already being explored in pilot trials [73] . Nonetheless, we encourage research designed to specifically investigate primary care providers clinical decision-making and use of frameworks such as the TDF to enable insights into similarities and differences in decision-making across disciplines and clinical scenarios.
Many limitations arise from studies identified in this review. There were no longitudinal studies and most were largely reactive to the introduction of a genetic test. They therefore do not provide insights into changes that may occur over time, for example as clinicians become more familiar with tests or as costs decrease. Response rates were generally low, which was attributed in some cases to lack of interest by clinicians and suggests a possible bias in results. Findings from these studies may have over-estimated clinician knowledge and positive attitudes, as less interest in testing has been associated with lower knowledge [54] and less interested individuals may not have been motivated to participate. The study settings also introduce limitations as most the studies were from the U.S. healthcare system and examined inherited predisposition to cancer. No findings were unique to cancer; however, our findings may not be generalisable to other healthcare systems. The data provide a basis for hypotheses generation which can be prospectively tested in future studies.
Limitations arise from the systematic review methodology. As this is the first review to investigate clinician behaviour regarding genetic testing using the TDF, it was important to include studies with varied approaches to document the extent of published findings related to the topic. Thus, the heterogeneity of included studies precluded a meta-synthesis and we instead conducted a narrative analysis of findings from qualitative and quantitative studies which met quality standards. Finally, the role of medical specialists in relation to genetic testing was not always clearly articulated in the reviewed studies. It is possible that medical specialists in some studies would have to refer patients for testing, rather than being in a position to order tests themselves.
Conclusions
We sought to identify strategies which proved successful in the adoption of genetic testing to guide the introduction of genomics into clinical practice. Instead, we identified flaws in strategies widely espoused to support adoption of genomics by clinicians in mainstream healthcare. We find little evidence to support strong assertions of the value of education in changing clinician behaviour with respect to genetic or genomic tests. Education to build knowledge is an aspect of a clinician's capability, but this should not be relied on alone. We find the TDF provides a useful and comprehensive framework. The results of our study can now inform more nuanced interventions, such as organisational constraints, which may restrict clinicians' ability to offer genomic testing in the future, alongside those targeting factors intrinsic to the clinician.
